The field emission (FE) properties of lanthanum monosulfide (LaS) films, deposited on Si and InP substrates by pulsed laser deposition [1], have been thoroughly analyzed via the scanning anode field emission microscopy technique (SAFEM, Fig. 1 ) [21 at different surface locations and at different temperatures. For one location, the full set of measured I-V characteristics (total measured current versus applied voltage) for different values of Z, the distance between the cathode surface and the probe ball, were then analyzed in order to extract the current density J versus actual applied field F (J-F data), within the approximation that the LaS surface is a plane. A characteristic J-F variation is shown in Fig. 2 . The work function of the LaS thin film has been extracted from the slope of the plot ln(J/F2) vs 1/F, by using the conventional Fowler-Nordheim relation, leading to a value of -0.65 eV which is in agreement with the onset of the electric field needed to observe an emission current density of 1 mA/cm2 at an applied electric field across the vacuum gap around 230 V/pm. (XYZED) allowing a piezo-drive scanning of the probe ball The inset is an I-V plot for one distance of 3pum.
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over the surface within a resolution of 1 nm.
However, the field emission characteristics differ completely from a conventional metallic surface. FE from the LaS thin film presents the following main properties (all of them are systematically observed for different samples and for different locations).
(1) By analyzing the experimental measurements, of Fig. 2 for example, with the Fowler-Nordheim relation, it appears that only -1/1000 of the area probed by the scanning ball is emitting with an apparent work function of -0.65 eV.
(2) The I-V variations were reversible as long as the FE current was lower than -1 PA. For higher values of the emitting current, a sudden current blackout happens. Such an emission area is called a "burn-ouft area (Fig. 3) . (3) The FE recovery from the burn-out area took place for higher applied voltages. This means that we have had a non-reversible surface evolution under high FE current.
(4) The comparison between the two respective In (IN2) vs 1N plots, for the as-grown and -burn-out areas, give a ratio of 8.82 for the slopes (Fig. 4) . This means that the apparent work function of the burn-out surface is now -2.8 eV. as grown surface corresponded to a reversible FE with a kept under 0.5 pA, the I-V variation was reversible. After a black current less than 1 pA. The bum-out surface out there is an irreversible change of the surface, and we called it a corresponded to the same zone after a sudden black out "bum-out surface.
of FE when the current was over the 1 pA range.
Our interpretation of this original behavior of FE from the LaS thin film takes into account two facts. (i)
The HRTEM observations of the LaS film indicated a polycrystalline layer with nanometric crystallites (Fig. 5A ).
(ii) The work function of LaS surface is dependant on the crystallographic orientation. Calculations indicate that some orientations can have work function less than 1 eV, for example it gives a value of 0.9 eV for the <100> direction [3] . For other directions a value of about 3 eV has been measured [4, 5] . Our interpretation is then based on the patchwork distribution of the work function at the surface of the LaS thin film due to the polycrystalline structure. Nanocrystals having the <100> orientation perpendicular to the surface and outcropping it will present a work function of less than 1 eV. They are surrounded by nanocrystals presenting other crystallographic orientations that will have a work function in the range of 3 eV. Field emission current will then preferentially be extracted from these (100) areas (Fig. 5B ). Considering our measurements, this ratio is about 1/1000 of the surface area. When the total FE current goes beyond the,uA range, the FE current density transiting through these areas reaches values that can produce enough energy to activate a crystallographic rotation/modification of the concerned <100> nanocrystals, accompanied by a sudden disappearance of the low work function patchwork area. Most of the surface will then have a work function in the range of 3 eV, leading to a black out of the FE current when the same FE applied voltage is maintained (Fig. 5C ). 
